present the intriguing finding that endothelial nitric oxide synthase (eNOS) in human umbilical vein endothelial cells (HUVECs) and potentially RBCs is responsible under hypoxic conditions for nitrite (NO 2 ⅐ ) reduction to nitric oxide (NO). Based on several practical and theoretical points of view, the conclusions that the authors draw regarding their data are flawed. It is important that these are considered by the wider Circulation Research readership. The authors conclude that lack of oxygen (O 2 ) availability to eNOS promotes NO 2 ⅐ reduction to NO. Whereas the RBC experiments involve measurement of NO produced by RBC under nitrogen and acidic conditions, the HUVEC experiments were carried out at 5% O 2 and 5% CO 2 (refer to online data supplement that accompanies the article for details).
When Does Low Oxygen Become Hypoxia? Implications for Nitrite Reduction
To the Editor: Webb and Milsom et al 1 present the intriguing finding that endothelial nitric oxide synthase (eNOS) in human umbilical vein endothelial cells (HUVECs) and potentially RBCs is responsible under hypoxic conditions for nitrite (NO 2 ⅐ ) reduction to nitric oxide (NO). Based on several practical and theoretical points of view, the conclusions that the authors draw regarding their data are flawed. It is important that these are considered by the wider Circulation Research readership. The authors conclude that lack of oxygen (O 2 ) availability to eNOS promotes NO 2 ⅐ reduction to NO. Whereas the RBC experiments involve measurement of NO produced by RBC under nitrogen and acidic conditions, the HUVEC experiments were carried out at 5% O 2 and 5% CO 2 (refer to online data supplement that accompanies the article for details).
Although there is no question 5% O 2 is lower than 95% or 21% O 2 (typical in vitro experimental/growth conditions), it cannot be accepted that 5% O 2 (equating to Ϸ50 mol/L O 2 ) is "hypoxic" to cells in culture over a 30-minute incubation period. Mitochondrial cytochrome c will function optimally until extremely low O 2 conditions (K m Ϸ0.1 mol/L), 2 and perhaps more importantly eNOS functions optimally with a K m Ϸ6 to 9 mol/L. [3] [4] Limited O 2 availability to eNOS is unlikely the cause of the change that the authors have observed under these experimental conditions. The thrust of the article (ie, the reduction of NO 2 ⅐ to NO during hypoxia by eNOS) is not valid for
HUVECs.
A second issue relates to the fact that NO was not measured in the HUVEC studies but, rather, NO function inferred from cGMP assay. The authors do not show the relevant normoxic cGMP responses to NO 2 ⅐ as a true control. In addition, these authors have previously published data confirming that vascular relaxation responses (soluble guanylate cyclase [sGC]dependent) are inversely related to O 2 . 5 In broad terms, blood vessels subjected to the same endothelial dependent stimulus or exogenous NO respond with greater relaxation under low O 2 conditions. 6 It follows, therefore, that HUVEC cells could produce the same amount of NO from eNOS (whether from arginine or reduction of NO 2 ⅐ ) under both normoxic and "hypoxic" conditions but the sGC response (and subsequent cGMP detected) would be enhanced in hypoxia only. Moreover, the use of L-N G -monomethyl arginine (LNMMA) would equally inhibit eNOS in both cases (as shown by the authors), thus rendering their interpretation incorrect. Finally, it was recognized some time ago in HUVECs and other primary cultured endothelial cells that within a range of low to moderate O 2 conditions (5% O 2 as used here), a condition arises in which NADPH oxidase(s) production of superoxide is limited (K m Ϸ30 to 40 mol/L), 7 whereas eNOS production of NO is normal. [3] [4] Under these conditions, and within a relatively narrow range of O 2 , there is effectively more NO available without a change in NO production. 8 Therefore, in the present studies carried out at 5% O 2 , it follows that the definitive amounts of NO produced may have been exactly the same, whereas the levels of bioavailable NO were effectively increased. Again, eNOS blockade with LNMMA is an inappropriate tool to investigate this phenomenon.
The points raised above do not detract from the interesting suggestion by the authors that free NO can be produced by RBCs in normoxia and hypoxia. However, care must be taken when interpreting data from experimental conditions that do not specifically address the question, as in the case of hypoxia affecting eNOS reduction of NO 2 ⅐ . What is more, the points above were not discussed or referenced by the authors.
Confirming that eNOS in vascular endothelium is unlikely to reduce NO 2 ⅐ to NO in hypoxia, the authors show tissue experiments demonstrating that LNMMA had no effect on NO generation. In complete agreement with this, in our hands (and others 9 ), eNOS blockade has no effect on nitrite-induced vascular relaxation in the presence or absence of endothelium under true hypoxic conditions (Ͻ1% O 2 ).
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